Objective. To develop a decision tree based on health-related quality of life outcomes rather than expert consensus for determining the appropriateness of total hip replacement (THR) among patients with hip OA. Methods. This is a prospective observational study of two independent cohorts. The derivation cohort included 590 patients recruited from seven hospitals between March 1999 and March 2000. The validation cohort included 339 patients recruited from six hospitals between September 2003 and September 2004. Socio-demographic and clinical data were collected for the participants, all of whom completed the WOMAC before hip replacement and 6 months later. Univariate and Regression Trees, by classification and regression trees (CART), analyses were performed in the derivation cohort. The decision trees derived in the derivation cohort were validated in the validation cohort. Results. Main variables that predicted change in the WOMAC pain and functional limitation domains were pre-intervention pain or functional limitation and the application of non-surgical treatments. CART analysis showed that when pre-intervention pain was classified as minor, or WOMAC pain or functional limitation scores were 440, there was an odds ratio of 0.076 (95% CI 0.031, 0.185) of having an expected gain after THR in the WOMAC pain domain of >30 or >25 in the WOMAC functional limitation domain. Conclusions. A simple decision tree based on WOMAC outcomes can help to determine the appropriate application of THR. It could also be used to evaluate clinical practice or for quality control.
Introduction
OA of the hip is one of the most prevalent chronic conditions, affecting as many as 7 in 100 older adults [1] [2] [3] . Total hip replacement (THR) is frequently performed to alleviate the pain and disability associated with hip OA [4] . Substantial variability exists in the performance of this procedure [5] [6] [7] . In an effort to reduce this variation and improve health care quality, various medical organizations have proposed guidelines for the indication of THR [8, 9] , and diverse research teams have developed explicit criteria for determining the appropriateness of THR. These efforts are generally based on the work of expert panels using different methodologies [5, 10, 11] .
Various clinical parameters have been used to evaluate the effectiveness of THR. There is growing interest in the use of self-administered questionnaires, usually measured before and after the intervention. Although early studies used generic instruments such as the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36), the use of disease-specific instruments such as the WOMAC may be more accurate [12, 13] .
The goal of this study was to develop, and validate, explicit criteria for the indication of THR in patients with hip OA based on changes measured by a disease-specific instrument before and after THR in two independent, prospective cohorts.
Methods
Two prospective cohorts were recruited from several public teaching hospitals affiliated with the Basque Health Service-Osakidetza, a local government agency in the Basque Country, which is part of the Spanish National Health Service. The Basque Health Service provides free unrestricted care to nearly 100% of the population. These hospitals serve a population of 2 million inhabitants. The ethics review board of each hospital approved the study. All patients gave their informed consent before participating in the study.
One cohort (the derivation cohort) was used to develop the appropriateness criteria. Consecutive patients scheduled to undergo THR in any of seven hospitals between March 1999 and March 2000 were eligible for the study.
The other cohort (the validation cohort) was used to validate the appropriateness criteria. Consecutive patients scheduled to undergo THR in any of six hospitals between September 2003 and September 2004 were eligible for the study. In both cohorts, patients with a malignant pathology or other organic or psychiatric condition that rendered them unable to participate or to complete the questionnaires were excluded. Data collection and methodology for both cohorts were the same.
We collected data from the hospital medical records and directly from the patients. To retrieve data from the medical records, we developed standardized data collection questionnaires that included socio-demographic data, the primary patient complaint, American Surgical Association (ASA) surgical risk [14] , bone quality [15] , previous non-surgical treatments (correctly done if aspirin, acetaminophen, NSAIDs or narcotic analgesics at regular doses during 6 months with no pain relief; weight control treatment, if overweight; and physical therapies done) [16] , presence of contralateral hip, knee or ankle OA, weight, height and comorbidities, including all those on the Charlson Comorbidity Index [17] .
In each cohort, all patients on the waiting list for THR were sent a letter informing them of the study and asking for their voluntary participation. Also included in the mailing were the WOMAC questionnaire [18] and additional questions comprising a short form regarding level of pain, pain control and functional limitation. A reminder letter was sent to patients who had not replied after 15 days. Those who had still not responded after an additional 15 days were sent the questionnaires again, and were contacted by telephone. This procedure was repeated 6 months after the intervention.
The WOMAC is a disease-specific, self-administered questionnaire developed to evaluate patients with hip or knee OA [18] . It uses a multi-dimensional scale composed of 24 items grouped into three dimensions: pain (5 items), stiffness (2 items) and physical function (17 items). We used the categorical version with five response levels representing different degrees of intensity (none, mild, moderate, severe or extreme) for each item. Responses were scored from 0 (none) to 4 (extreme). The higher the score, the poorer the quality of life. The data were standardized to a range of values from 0 to 100, where 0 represents the best health status possible and 100 the worst. Missing data were dealt with according to the 'half-scale' method. Over time, a reduction in the overall score represents an improvement. The original questionnaire is reliable, valid and sensitive to changes in the health status of patients with hip or knee OA [18] . The WOMAC has been translated into Spanish and validated in Spain [19] .
The mailing that each patient received also included questions regarding level of pain, pain control and functional limitation, which we will refer to as the short scales. The structure of those variables has been described previously [16] but, in short, the pain short scale included four questions (about the need for medication and the effect on pain; relation to rest and sleep or night disturbance; rhythm; and intensity), and the functional limitations another three (based on the ACR classification [20] , and need for a mobility aid).
Statistical analyses
The unit of study was the patient. In cases where a patient received two interventions during the recruitment period, we selected the first one performed.
To describe the samples, we used means and S.D., as well as frequencies and percentages. Within each cohort, we compared socio-demographic data, clinical data and domains of the WOMAC questionnaire at baseline between patients who responded to the questionnaires 6 months after THR and those who did not. We also compared those characteristics between the derivation and validation cohorts. Chi-square or Fisher's exact tests were performed to compare categorical variables and the t-test or Wilcoxon non-parametric test was used to compare continuous variables.
Data from the derivation cohort were used to identify variables that predicted the appropriateness of THR based on changes in the WOMAC. We performed univariate general linear models, setting two dependent variables: change from baseline to 6 months in the WOMAC pain domain and change from baseline to 6 months in the WOMAC functional limitation domain. Independent variables were age, gender, bone quality (normal or deficient), surgical risk (ASA I-III or IV), Charlson Comorbidity Index (0, 1 or >1), previous non-surgical treatment (performed adequately or inadequately), contralateral hip or knee arthritis and pre-intervention pain and functional limitation. We used two alternative measures for pre-intervention pain and functional limitation: (i) pain and functional limitation short scales [16] , or (ii) WOMAC pain and functional limitation domains. The -coefficient estimated and R 2 are provided for each independent variable.
The derivation cohort was used to compile algorithms in decision tree form by means of classification and regression trees (CART) analysis. We performed different regression trees depending on the dependent variable employed: the change in WOMAC pain domain or the change in WOMAC functional limitation domain. In both cases, the independent variables were those identified as significant in the general linear models. Pain and functional limitation at baseline were measured in two different ways: using short scales, or using the WOMAC pain and functional limitation domains at baseline. Thus, finally four regression tress were derived: (i) regression tree for change in WOMAC pain domain considering pain and functional limitation short scales at baseline as independent variables; (ii) regression tree for change in WOMAC pain domain considering pain and functional limitation WOMAC scales at baseline as independent variables; (iii) regression tree for change in WOMAC functional limitation domain considering pain and functional limitation short scales at baseline as independent variables; and (iv) regression tree for change in WOMAC functional limitation domain considering pain and functional limitation WOMAC scales at baseline as independent variables. For each node of the decision trees, we provided the estimated mean change and corresponding 95% CI, as well as the sample size in each node with the percentage in relation to the entire corresponding sample. The regression trees were validated in the validation cohort by estimating the same information as before for each node of the trees, and comparing the results of each node with those obtained in the derivation cohort by means of the t-test or the Wilcoxon nonparametric test.
From the various trees, we constructed a summary tree presented as a flow chart for determining the appropriateness of THR. In this context, we defined appropriateness as the gain in terms of functionality and reduction of pain that exceeds the cut-off points of the minimal clinically important difference (MCID) established for this type of procedure [21, 22] . We compared the appropriateness indication tree with the actual results, setting cut-points of appropriate gain based on a prior study of ours establishing MCID for THR [21] , and on MCID by appropriateness categories as developed by a panel of experts [22] . These cut-points were used as references for considering as appropriate a final node tree if the gain was 540 for WOMAC pain or functional limitation domains. We compared those cases categorized as inappropriate in the proposed tree vs the other categories with the actual gain in WOMAC pain (>30) and functional limitations (>25) domains at 6 months after the intervention, as cut-offs for uncertain or appropriate interventions. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and odds ratio (OR), with their 95% CIs, as well as area under the receiver operator characteristic curve (AUC) were estimated in both cohorts.
All effects were considered as statistically significant at P < 0.05. All statistical analyses were performed using SAS for Windows statistical software, version 9.1 (SAS Institute, Carey, NC, USA), except the CART analysis where we employed the S-Plus 2000 (MathSoft, 1999).
Results
For the derivation cohort, 1495 patients were placed on waiting lists to undergo THR while 634 were for the validation cohort. The selection process and losses on follow-up is displayed as supplementary data (supplementary Figure 1 ) available at Rheumatology Online. Differences in socio-demographic, clinical and health-related quality of life variables between responders and non-responders were not observed in both cohorts, except for the Charlson Comorbidity Index and presence of contralateral hip OA in the derivation cohort, and for the Charlson Comorbidity Index and the BMI in the validation cohort. Statistically significant differences were observed between the derivation and validation cohorts in bone quality, WOMAC scales of pain and functional limitation, and the functional limitation short scale, with generally poorer results observed in the validation cohort (see supplementary Table 1 available as supplementary data at Rheumatology Online).
In the univariate analysis in the derivation cohort, variables that significantly predicted change in the pain domain of the WOMAC included the ASA surgical risk, previous non-surgical treatments performed adequately, pre-intervention pain or functional limitation scores of the WOMAC domains, pain short scale and functional limitation short scale (only between severe and minor categories). The same variables were significantly related to change in the WOMAC functional limitation domain with the exception of surgical risk and previous non-surgical treatments performed adequately (Table 1) . Other variables were studied such as having contralateral hip or knee OA, BMI, age or gender. Relation with changes in the two areas of the WOMAC was not observed for them, except for patients with contralateral hip or knee OA who improved significantly less (4 and 6 points less) in the WOMAC functional limitation domain than those without OA on those joints.
The CART analysis included only those variables that had a statistically significant impact in the univariate analysis. An improvement higher than 30 points in WOMAC pain scores after THR surgery was observed for patients with pre-intervention pain classified as severe or moderate but with functional limitation between moderate to severe according to the short scales (Fig. 1a) or pre-intervention WOMAC pain scores >40 (Fig. 1b) . Improvement higher than 25 points in the WOMAC functional limitation domain after THR were found in patients with moderate pain and moderate to severe functional limitation (Fig. 2a) . The gains were clinically relevant for pre-intervention WOMAC functional limitation domain values >60 or between 40 and 60 accompanied by a level of pain >40 (Fig. 2b) . The results generated in the validation cohort were similar to those of the derivation cohort (Figs 1 and 2 ). Statistically significant differences were not observed in any node for mean WOMAC changes between the derivation and validation cohorts except for pain changes based on WOMAC pre-intervention scales for those with pre-intervention pain 440 and functional limitation between 60 and 100. In this case, the mean score was 28.85 in the derivation cohort and 21.67 in the validation cohort (P ¼ 0.011).
Also, though ASA classes did not provide with relevant information about the decision-making process, some differences in ASA results for those with severe levels of functional limitation were found in trees to predict changes on functional limitation based on pre-intervention WOMAC scores. Those with ASA IV got always poorer gains (12.35, n ¼ 5) than those classified as ASA I-III (54.77, n ¼ 107) but just in the derivation cohort. Such results were not replicated in the validation cohort (55.83, n ¼ 6 vs 54.09, n ¼ 87). ASA IV results were based on very small sample sizes, with high variability.
A flow chart for determining the appropriateness of THR is presented in Fig. 3 . We estimated the precision parameters of this tree for interventions classified as inappropriate vs the other categories compared with the actual gain in WOMAC pain (>30) and functional limitation (>25) domains at 6 months after the intervention (Table 2 ). For the derivation cohort, the sensitivity and specificity were 91.94 and 45.80%, respectively. In the validation cohort, sensitivity and specificity were 94.96 and 41.03%, respectively.
Discussion
Data from two independent prospective cohorts were used to develop and validate decision trees for the appropriateness of THR among patients with hip OA based on clinical parameters and changes in pain and functional limitations 6 months after the intervention. Data from CART analyses were synthesized into a flow chart (Fig. 3) that represents a proposed decision tree for determining the appropriateness of THR that would be easy to use in the clinic and in research.
To the best of our knowledge, this is the first time that clinical and objective data generated from prospective studies have been used to develop appropriateness criteria for THR. Prior efforts to develop such criteria have generally relied on expert opinion rather than outcomes. Some investigators used a modified Delphi process [5, 11] . Others, including our group, used the well-known Research and Development-University of California Los Angeles appropriateness methodology [23] . Some clinical guidelines, such as those established by the US National Institutes of Health [9] , are based on the opinion of experts. Although this methodology is typically classified as low quality evidence, it has frequently been the only source of criteria available. Clinical trials, which are regarded as the gold standard for generating high-quality evidence, are not always practical for developing appropriateness criteria due to the homogeneous selection of participants and the rigorous methodology, both of which can make the results difficult to generalize to usual populations and usual clinical care. Cohort studies with appropriate follow-up and control of missing data can also yield high-quality evidence, which is why we chose prospective cohorts for this study.
Another methodological difficulty in deriving appropriateness criteria is choosing the most appropriate statistical techniques to maximize the potential of the data generated by a prospective cohort design and presenting the results in a practical way that makes clinical sense. Predictive models were classically developed through logistic regression models and, later, through CART analysis [24] . CART analysis is useful mainly because it allows for the presentation of results in the form of understandable decision trees. In some cases, the combination of both statistical techniques can yield the most useful results [25] .
To construct our decision trees, we first evaluated variables that might explain changes in two domains of the WOMAC-pain and functional limitation-before THR and 6 months later. Based on statistical significance, R 2 values, and clinical coherence, changes in pain and functional limitation, measured either via the WOMAC or with more simple questions, were the main variables we took into account. When constructing our decision trees we also took into account other variables such as age, BMI and comorbidities (using the Charlson Comorbidity Index). None of these variables, however, improved the construction of decision trees using CART analysis. An additional variable that did improve the performance of the decision trees was the performance of previous non-surgical treatments (rehabilitation, obesity control or medical therapy). However, we chose to exclude this variable from the decision trees since it seems that it should have its place just before the THR decision making process starts and as prerequisite. As a system to weight the comorbidities we used the Charlson Comorbidity Index and the ASA. Both are systems focused on mortality risk. Maybe the use of other comorbidities indexes could have given different results. In any case, we showed certain influence of the ASA in the results. Patients with ASA IV tend to experience smaller improvements after the intervention, although they can be extremely relevant for their quality of life.
Those variables not included in the trees, as ASA or presence of contralateral hip or knee OA, though significantly associated to the changes in one of the WOMAC domains, were not considered appropriate to be included in the decision tree, though physicians and patients should be aware of their influence in the results.
Support to the validity of our results is also given by the fact that they match those found previously by other authors [11] , as well as by our group [23] , being based on panels of experts work. The variables selected and the final recommendations are quite similar in all cases. But this study contributes with a greater level of evidence because it is based on a prospective cohort design, on a robust statistical analysis and methodology, with validation of the results in a second cohort. The structure of our proposed appropriateness decision tree partially matched that of other previously developed tool by our group for prioritization [26] but their goals (appropriateness vs priority), development (panel of experts vs prospective cohort study) and variables differ.
Missing data are a key limitation of the prospective cohort design. In our study, approximately one-fourth of the patients who fulfilled the eligibility criteria and who completed the baseline questionnaires did not respond to the follow-up questionnaires 6 months after THR (72.2% response rate in the derivation cohort, and 60.8% in the validation cohort). These losses occurred despite our sending up to two mailed reminders and contacting non-respondents by telephone. No differences were observed in relevant variables when we compared responders with nonresponders. Thus, although a bias may be present in our study due to missing data, it is likely to be minor and we believe the results can be generalized to the entire sample. It is possible that waiting for 6 months to assess the impact of THR may also have biased the results. Although several studies have demonstrated that improvement can be seen clearly at 6 months [21, [27] [28] [29] , some investigators suggest a longer follow-up period [30] . The WOMAC provides valuable information, and has been recommended as the correct instrument for evaluating changes in studies such as this [13, 31] . Yet, it also has some inherent problems, such as ceiling or floor effect problems. When working with the WOMAC and other instruments, demonstrating clinically meaningful changes-not just statistically significant changes-is a key issue. For this purpose, we used the MCID of the WOMAC [21] . Yet, even MCID must be used carefully and not as an absolute measure, because there are several practical problems in estimating that parameter [32] . On the other hand, though it can be expected more variability of the WOMAC change after the intervention as long as the preoperative value is higher, because variability may be higher as long as the ability to improve has a wider range, in our case this is only true for patients with WOMAC pre-intervention values higher than 80 points in any of the two studied WOMAC scales. And, in terms of surpassing the MCID, those cases that do not introduce any conflict with our conclusions, since those nodes classified by us as appropriate would remain usually appropriate. Finally, as main outcomes we have considered the functional limitation and pain domains of the WOMAC as more relevant domains and excluded explicitly the stiffness dimension of WOMAC due to the fact that is composed of just two items and provide with less reliability and responsiveness than the other two domains included, as shown in some studies [19] .
Our low specificity implies that we are not able to detect the inappropriate cases adequately. Nevertheless, our main objective was to be able to identify what cases were clearly necessary or appropriate to have the intervention, or, if uncertain leave the clinician the option of considering other circumstances, evidence or his/her own criteria to take a final decision.
There were differences between the derivation and the validation cohorts in four nodes of all figures of seven points in the changes in the WOMAC scores but, as reported before, just in one of those four nodes the difference was statistically significant. This could be due to the small sample sizes of some of those nodes. But, in any case, those differences do not seem to affect to our final conclusions about the appropriateness categorization of the nodes.
Finally, our decision trees should not be taken as a definite guide but in context and depending on other patient circumstances. THR clinical decision making is not just an issue about pain, stiffness and function, it is about a whole lot of other complex clinical and psycho-social issues. It is possible that the changes that may take place over time in the indication of the THR cause a broadening of the indication for this intervention. Although in countries where at the moment the waiting lists for surgery are an important problem, it is more necessary to have validated criteria to support proper clinical decision making. On this context, we hope our decision trees can work as an additional tool for the clinician when having to take a decision about a THR intervention.
In conclusion, a decision tree we created based on patient reported outcomes from two independent prospective cohorts can help determine the appropriateness of THR for patients with hip OA. The level of pain and the functional limitation caused by this condition appear to be the main drivers for the decision. The procedure is generally inappropriate or its value uncertain among patients with little pain or functional limitations or low scores on the WOMAC pain or functional limitation domains. It is deemed appropriate and necessary among patients with severe pain or functional limitations or high scores on the WOMAC pain or functional limitation domains. Before considering THR, however, non-surgical treatments for hip OA should have been instituted. These conclusions are generally in line with findings based on expert consensus, and have been formally derived and validated following recommendations for developing these kind of rules [24] . Applied to clinical decision making, the decision tree we have developed could guide the appropriate application of THR, which would reduce the undesirable variability of this procedure and increase health care quality. It can also be used to retrospectively evaluate clinical practice or quality control.
Rheumatology key messages
Data generated from prospective studies have been used to develop appropriateness criteria for THR. A simple decision tree based on WOMAC outcomes can help to determine the appropriateness of THR.
